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Invertebrate neurobiology is experiencing a renaiss-
ance, well illustrated by the collection of reviews in this
special issue. From sponges and coral to Planaria and
polychaete worms, species names that had previously
been confined to field guides, zoology textbooks, and
ecology journals are now starting to appear in the
developmental and molecular neurobiology literature.
The revival of interest in these creatures should make
us pause and think about why it is that they warrant
serious study. In one formulation [1], they have been
touted on the basis that “…the peculiarities of body
plan and nervous systems that have evolved to carry
out precise tasks in unique ecological niches enable
investigators to uncover principles that are general to
all nervous systems”. In another [2], they have been
lauded for their contributions to “…an understanding of
the underlying molecular and genetic mechanisms of
disease pathogenesis…that lay a foundation for utiliz-
ing these disease models in drug discovery…”. Are they
more valuable for their similarities to mammals such as
ourselves, or for their differences from them? This
quandary mirrors a more general question about the
role of comparative studies in biology.
The Waxing and Waning of Invertebrate Appeal
The popularity of comparative studies, as reflected in
work on invertebrate behavior and neurobiology, seems
to cycle with a rhythm of about 25 years. Widely prac-
ticed in the early 20th century, by mid-century it was
seriously eclipsed by the behaviorist preoccupation
with the white Norway rat [3], returning to flower again
for the next couple of decades until the early 1980s
when the rise of the few (the chosen) ‘model organisms’
dramatically reduced the range of species under inves-
tigation once again. The model organism movement,
with a pantheon consisting of the worm, the fly, and the
mouse, was predicated on the relative ease of genetic
analysis in these organisms, augmented in recent years
by the sequencing of their genomes. One of the
upshots of this movement has been the development of
tools, in the form of molecular markers and intervention
techniques, that have now expanded the range of
species that can be studied molecularly, as well as
developmentally, physiologically and behaviorally [4,5].
In parallel, there has been a significant broadening
of our concept of what invertebrates can do in the
cognitive realm. Beyond their well demonstrated
capability for Pavlovian conditioning, in recent years we
have seen that fruit flies can exhibit contextual learning
[6], and honeybees can learn to recognize abstract
distinctions such as asymmetry [7] or even the concept
of difference per se [8]. Jumping spiders, the brilliant
denizens of the neotropical forests of Queensland,
perform an impressive range of clever behaviors in the
course of preying on other spiders, from visually solving
a maze before running it [9], to camouflaging their
approach by moving across the prey’s web during
intervals when it is busy wrapping up its own prey [10],
to plucking on the web of its prey and trying out differ-
ent ‘tunes’ until it finds a frequency and pattern that
mimics a web catch, such as a fruit fly, well enough to
flush the web’s owner out [11].
We are on the verge of a new flowering of
invertebrate neurobiology in which multi-level studies
will predominate. Genomes have already been
sequenced for the honeybee and mosquito, and are
under way for the marine sponge Reniera, hydra, the
sea anemone, the leech, Aplysia, the tsetse fly, the
water flea, the Chinese prawn, the sea urchin, the owl
limpet, the clam, and the lymphatic filarial nematode.
EST libraries have been made for the snail-fur jellyfish,
Planaria, the Pompeii worm, the assassin bug, the red
flour beetle, the blue crab, the lobster, the Pacific white
shrimp, the bay scallop, the Eastern oyster and every
imaginable variety of parasitic nematode, and one may
safely assume that a large number of these (and other)
species’ genomes will be sequenced within the next
few years.
In the short run, the accumulation of invertebrate
genome sequences will continue to drive the ongoing
rearrangement of traditional evolutionary relationships
we have been witnessing in recent years. For animals at
the base of the Metazoan tree, the new genome
sequences will likely shed light on the origins of nervous
systems (Figure 1). In the medium run, more genomic
data will enable the characterization of detailed molec-
ular phenotypes at the level of individual neurons.
Neurons in many invertebrates are large enough to
provide ample material for transcriptional profiling at the
single cell level. This will allow, among other things,
interspecies comparisons of neurons occupying similar
positions in circuits that have different physiological
properties [12]. The same sequence data that permits
expression profiling will also enable the design of tools
for molecular intervention, introducing a kind of pseudo-
genetic analysis into these organisms.
All of these hopeful developments bring us back to
the question of what are comparative studies of inver-
tebrates good for? The model organism movement
does not appear to be in need of additional recruits, as
there is now scarcely a behavior or disease that has not
been modeled in the fly or the worm (with the possible
exception of dermatological disorders). Evolutionary
studies, on the other hand, stand to gain enormously
from the expansion of species subject to molecular
analysis and intervention.
Evolution and the Aristotelian Temptation
The world may be divided into ‘lumpers’ and ‘splitters’.
Evolution provides a field day for both, with lumping and
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splitting assuming the guises of conservation and diver-
sity, respectively. Reductionist studies of behavior and
neurobiology have generally stayed close to the lumping
side, initially stumbling upon, and then actively looking
for, similarities to mammals. Ethologists (and their
1960s-style hyphenated progeny, the neuro-ethologists)
have taken the opposite tack, celebrating the diversity
of behaviors and their mechanisms. These two strate-
gies have traditionally been seen as non-overlapping:
either you are interested in generalities or differences (if
the former, you get funding, the latter, not).
Each strategy has its own hazards. The quest for
generalization risks the Aristotelian trap of thinking
there are ‘forms’. Although originally postulated to
explain species, the idea of forms assumes a modern
guise in the assumption of invariant, conserved mech-
anisms. As the product of unintelligent non-design,
evolution does not admit of invariance. But the cele-
bration of diversity risks getting lost in the particular,
violating the scientific goals of explanatory power and
predictability. Rarely, if ever, are diverse differences
seen as pointing to generalities of their own. And why
should they, being apparently in diametric opposition?
The resolution of this quandary lies in a poorly
appreciated characteristic of biological systems: degen-
eracy, the ability of a system to yield the same output by
means of different strategies [13–15]. Evolution thrives
on degeneracy, without which evolutionary change is
hard to imagine. It provides the flexibility that allows for
the introduction of new functions, new variants of exist-
ing functions, and the essential ability to respond adap-
tively to novel conditions. More importantly for the
current discussion, degenerate mechanisms are intrin-
sically diverse. The exploration of degenerate strategies
for nervous system function at the molecular, physio-
logical and behavioral levels among a wider range of
species is one of the most exciting prospects of the
current invertebrate revival.
While degenerate mechanisms are likely to be
essential for evolutionary change and dealing effec-
tively with novel sets of conditions, a further intriguing
possibility is that degeneracy is also integral to the
genetic and neurobiological mechanisms underlying
behavior. In other words, alternative pathways not only
exist potentially, but are used all the time as part of the
day to day functioning of organisms, not just as fail-safe
mechanisms stored up for a rainy day [14,16,17]. In this
formulation, the variation present in physiological and
behavioral responses is not ‘noise’ around some
Aristotelian mean, but rather measures the repertoire of
degenerate responses a system can produce [13].
These issues can now be addressed more broadly,
surveying the varieties of invertebrate experience.
Invertebrates in Our Future
The new developments outlined above (see also [18]),
coupled with the long and glorious history of inverte-
brate biology, augur a bright future for the spineless
and for those who study them. Not only will this move-
ment expand the boundaries of our knowledge, but
more importantly, it will begin to move us towards a
truly evolutionary concept of mechanism.
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Figure 1. The primitive metazoan
Trichoplax adhaerens. 
(A) Top view of Trichoplax (diameter
~1 mm). (B) The four identified cell types of
Trichoplax [19]. The fiber cells of the inter-
mediate layer may be forerunners of
neurons. (C) Expression pattern of TriPaxB,
the Trichoplax homolog of Pax2/5/8,
Pax4/6 and PoxNeuro, is expressed in the
fiber cell precursors [20].
